on ongoing and recently completed research and policy studies undertaken by the Asian Development Bank (ADB) staff, consultants, or resource persons. The series deals with key economic and development problems, particularly those facing the Asia and Pacific region; as well as conceptual, analytical, or methodological issues relating to project/program economic analysis, and statistical data and measurement. The series aims to enhance the knowledge on Asia's development and policy challenges; strengthen analytical rigor and quality of ADB's country partnership strategies, and its subregional and country operations; and improve the quality and availability of statistical data and development indicators for monitoring development effectiveness.
Agriculture is the backbone of the Myanmar economy. Sixty-seven percent of the population is rural, and agriculture accounts for 32% of gross domestic product (GDP), 56% of employment, and 21% of exports (CSO 2012) . Consequently, agriculture, through its roles in supplying affordable food to improve the real purchasing power of consumers, generating farm incomes, and providing employment, can play an essential role in economic progress and poverty reduction. Moreover, given that a majority of the country's ethnic minority groups are agriculturally dependent, developing the sector will also contribute to inclusive and regionally balanced growth and social stability.
Despite its importance, agriculture has previously been neglected by Myanmar's government. Fortunately, government recognition of the sector's importance to the country's economic development is increasing. However, there remain many needs for policy reform and targeted investment for the sector to realize its promise and underpin Myanmar's inclusive growth. This paper identifies priority measures for policy enhancement and the investment of government resources to unlock Myanmar's agricultural potential. It first identifies key comparative advantages for agriculture and then assesses performance to date. Conditioning policies are reviewed and key constraints identified, which serve as the basis for suggested policy recommendations.
II.
MYANMAR'S AGRICULTURE SECTOR-POTENTIAL AND PERFORMANCE Myanmar has three principal agroecological zones: the delta and coastal zone, the dry zone, and the hill regions (Haggblade et al. 2013 ). Of these, Myanmar's agricultural production and population is concentrated largely in first two (Figure 1 ). In the delta and coastal zone, the most densely populated, where monsoonal rainfall is plentiful and access to water easy, rice and fish production are predominant. The dry zone lies in a rain shadow, so that productive agriculture is principally in river valleys where a mix of rain-fed upland crops and paddy are produced. The hill regions have more tree and horticultural crops compared with the other regions and are suitable for less intensive farming.
A. Myanmar's Agricultural Potential
Agriculture can serve as effective backbone for Myanmar's development. The country has four key competitive advantages for agriculture: abundant land, water, and labor resources; and proximity to major future food markets. Indeed, with 12.8 million hectares of cultivated land and the potential to expand this by nearly 50% into additional fallow areas, agricultural potential is immense. In addition, diverse topography and ecosystems enable farmers to produce a range of cereals, pulses, horticultural products, and fruits, as well as livestock and fishery products. At 67.6 million hectares, Myanmar is the largest continental member country of the Association of Southeast Asian Nations. Alluvial and swampy soils dominate in the delta and coastal zone, while vertisols (heavy clay soils) are more important in the irrigated rice lands of the central dry zone. About 405,000 hectares (one million acres) of coastal mangroves border the delta and coastal zone in the south. Alluvial lowlands dominate agricultural production areas in the central dry zone, while the hill zones and Shan plateau offer more temperate climate, well suited for fruit and horticulture crops. In addition to currently cultivated land, 5.67 million hectares is classified as "virgin and fallow land" or "cultivable wasteland", suggesting significant potential for bringing new land into production. Reflecting the relative abundance of land, the average size of holdings is high compared with other developing Asian countries (Figure 2 ) even though a large share of Myanmar's workforce is in agriculture. This enables an easier transition to technologies that improve labor productivity and means less immediate pressure for out-migration from rural areas. Myanmar's water resources are considerable and are centered on four major rivers and their related systems. These supply more than 19,000 cubic meters per capita of renewable fresh water each year, about 9 times the levels available in the People's Republic of China (PRC), 16 times that of India, 5 times that of Viet Nam, 6 times that of Thailand, and 30 times that of Bangladesh (ADB 2012). Moreover, three of Myanmar's four major river systems originate within the country, giving it exclusive control over them. As growing water scarcity constrains agricultural production around the globe, particularly in its neighbor the PRC, Myanmar's water resources are a significant agricultural competitive advantage. Even so, less than 10% of its water resources have been utilized.
With 56% of the workforce in agriculture, labor is still plentiful compared to other Asian countries. Labor is also inexpensive, with Myanmar's minimum wage the lowest in Southeast Asia (Philippines National Productivity Commission 2014) and mechanization very limited. Because labor is a principal input into agricultural production, this helps the country maintain low production costs.
Given its location between two enormous regional markets in India and the PRC, Myanmar's farmers and agribusinesses are potentially well positioned to contest both regional and global agricultural markets-if the right investments are made in institutions and infrastructure. Proximity to the fastest growing food markets in the world can be a significant factor in reducing transportation and transaction costs for agricultural products, even if this is not yet the case.
B.
Myanmar neighbors. Furthermore, most farms-with low input, low productivity, low quality output, and low returns-are caught in a "low equilibrium trap."
With two-thirds of its population engaged directly or indirectly in agriculture, this "low equilibrium trap" has contributed to high rates of poverty and food insecurity. Despite national level food sufficiency, as reflected in continuing export of rice, pulses, and other food items, food security eludes many rural households. Furthermore, poor households spend up to 70% of their income on food (CSO 2012). Limited purchasing power and assets results in high indebtedness and malnutrition, 1 and low education, especially among ethnic groups populating peripheral hilly regions and landless farm workers. 2 An implicit urban bias in development efforts until recently, as well as a highly skewed distribution of assets and endowments exacerbates this.
Rice dominates agriculture as measured by value of production ( Figure 3 ). Of the top 20 commodities, rice accounts for 43% of production value, nearly 5 times as high as the second highest value commodity, poultry. This is to be expected given the water resource advantages noted earlier. After rice, there is fairly even distribution of production value among many commodities. Millennium Development Goal indicators for 2012 showed a 32% incidence of malnutrition, based on the percent of underweight or stunted children. 2 To put this in perspective, there are 135 recognized ethnic groups in Myanmar, in a total population of 60 million, compared to 56 recognized ethnic groups in the PRC (total population of 1.2 billion). 
Crop Performance
Yield growth varies considerably across crops. Table 1 shows the yield performance of various selected crops from 1995 to 2012, according to Myanmar's official statistics. Cotton, pulses, and maize have shown strong yield growth, according to these figures, whereas growth has been slower for other crops. However, from a regional perspective, except for these official statistics on rice and pulses, yields of other crops are lower than in other Asian countries ( Figure 4 ). 
Rice
Rice accounts for the largest area of crops grown in Myanmar, about 8 million hectares, or 34% of the total (planted) cropped area of 23.5 million hectares in Fiscal Year (FY) 2010. Paddy production has increased considerably since the introduction of high-yielding varieties in the late 1970s and the expansion of double cropping of summer (dry season) paddy since 1992. Between FY1990 and FY2010, the area harvested increased from 4.76 million hectares to 8.01 million hectares, or 68%. Paddy production increased from 13.7 million metric tons (MMT) to 32.1 MMT in the same period, a rise of 134%; and paddy yield from 2.9 tons per hectare to 4 tons per hectare, a rise of 38%. A decomposition of the factors contributing to production increases shows that area growth contributed 58% and yield growth 42%. For FY2010, self-sufficiency based on total utilization (that is, adjusting for seeds and losses) is estimated to be 147%. According to a Myanmar Rice Federation estimate, total production of milled rice is about 14-15 MMT, with domestic consumption of 11-13 MMT. This translates into a 2-3 MMT exportable surplus, which is captured as normal exports via ports as well as both formal border posts established by the Ministry of Commerce and illegal border trade .
Rice double cropping, or the so-called summer rice program, was introduced in 1992, supported generously with irrigation and other services. Farmers are under a strict government request to grow rice in the summer season wherever irrigation facilities are provided. But the record shows that despite higher yields the area under summer rice have not increased notably in the past 10-15 years. Between FY2000 and FY2010, the total rice-cropped area increased by 1.71 million hectares, of which 91% was accounted for by monsoon rice. In this period, the summer rice area only increased from 1.1 million hectares to 1.25 million hectares, while the monsoon rice area grew from 5.2 million hectares to 6.76 million hectares. On the other hand, the yield rate of summer rice grew faster because almost 100% of this rice was planted with high-yielding varieties, while the coverage of these varieties was only 60% for monsoon rice over this period .
At the same time, there is considerable uncertainty regarding these production statistics ( Figure 5 ). A strong divergence has emerged between paddy production statistics of Myanmar's government and those of other sources, such as the United States Department of Agriculture (USDA), the former are twice as high as the latter. Given that paddy is the country's principal agricultural product, it is likely that statistical uncertainties may be even greater for more minor agricultural outputs. This distorts understanding of agricultural performance and severely impedes planning of effective policy support and sharing of accurate market intelligence.
The USDA's production estimates imply that the yields of paddy are far below their potential ( Figure 6 ). Despite massive water resources and favorable production conditions in the delta zone, Myanmar has Asia's second-lowest rice yields. Viet Nam and Bangladesh, which have similar productivity potential in their delta regions, have yields that are 114% and 66% higher, respectively. This accords with expert estimates that a 23% increase in average yields should be easily possible in Myanmar within 5-7 years if supportive policy measures are in place (Denning, Baroang, and Sandar 2013) . At the farming level, the quality of seeds, poor water management, misuse of fertilizers and pesticides, seasonal labor shortages, lack of credit, and lack of infrastructure such as farm roads are some of the main constraints. Lack of investment in processing facilities and lack of finance are constraints throughout the whole value chain. Inconsistent quality and supply as well as a scarcity of market information and lack of 0 5,000 diversification further affect the rice sector. Post-production costs-milling, transportation, loading, and handling at ports-are quite high compared to other Asian exporters Wong and Wai (2013) , which partly explains Myanmar's relatively low competitiveness. Figure 8 shows a generalized rice supply chain for Myanmar in FY2011. It indicates that certified rice seeds are still largely produced by the Department of Agriculture under the Ministry of Agriculture and Irrigation, although some private contract farming companies (Rice Specialization Companies, or RSCs) are also beginning to produce certified or high-quality seeds of the varieties that they are promoting, largely for their contract farmers. The supply of fertilizers and agrochemicals has proved to be a problem, with the sale of poor quality fertilizers and inappropriate pesticides, including banned insecticides, sourced from the PRC.
In terms of farm machinery, some of the RSCs have started offering contract mechanization services for land preparation in many areas, as well as mechanized threshing and, to a lesser extent, Agri-support services are still largely provided by the government, especially research and extension. Marketing and credit are increasingly private sector-led, although the Myanmar Agricultural Development Bank provides some credit. But this does not cover out-of-pocket costs and the high interest rates of informal credit remain a problem. At the processing level, there are 15,477 small huller mills (with a capacity of less than 2 tons per day) mainly performing custom or contract milling for home or community consumption; 1,220 medium-sized commercial mills (less than 15 tons per day capacity), some of them dating back to before World War II (though with repeated upgrading); and 224 modern mills belonging to or strategically aligned to the RSCs. Six new parboiled rice mills are geared toward the export market. Another four parboiled mills are planned, marking the entry of Myanmar rice exports into the parboiled rice segment in the global rice market .
Input
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Pulses
Myanmar is the second largest global exporter of beans and pulses, after Canada. In FY2011, the area planted to pulses was estimated at 4.4 million has (about 55% of the area planted to paddy). They are sown mainly in the central dry zone, followed by delta, hilly, and coastal zones, in that order. Depending on agroecological conditions, the same pulses can be grown in different seasons; for example, green gram as a monsoon crop in the central dry zone and as a cool season crop in the delta zone. Pulses are attractive to farmers because they can be planted after a paddy monsoon crop and have lower production costs and better returns.
One of the main reasons for the substantial growth of pulses production was the early liberalization of trade policy in 1988, when exports by the private sector were allowed and no restrictions were placed on production and marketing. Consequently, both production and exports increased significantly and pulses are now the top foreign exchange earner among agriculture commodities. Exports of pulses were estimated at 1.45 MMT in 2011, up from 47,000 MT in 1988. The export tax on these products has also been reduced, from 10% during 1988-2010 to 2% in 2011; this is levied as income tax paid by exporters on their export income. An export licensing requirement was lifted in February 2013 .
Oilseeds and Sesame
According to Favre and Myint (2009) , about 16% of Myanmar's cultivated area, just over 3 million hectares, is sown with oilseeds, the third most important crop group in the country after cereals and pulses. Cultivation of pulses overtook oilseeds soon after the liberalization of the pulses trade. In FY2011, the total oilseeds area was estimated at 3.6 million hectares (or 45% of area planted to rice).
Sesame occupies some 47% of the oilseed area, while sesame oil contributes to about 37% of the total edible oil produced. Myanmar is the world's third largest sesame producer (with 7% of global production) after India and the PRC. For sesame oil, Myanmar ranks second (with 22% of global output) after the PRC (24%) and before India (17%). Private exports of sesame were allowed until 1998, but were suddenly banned to ensure stable domestic supply and self-sufficiency. Sesame exports were then controlled exclusively by Myanmar Agricultural Produce Trading until 2004. A 30%-35% decline in price followed, leading to declining sesame production during the export restriction period. As for rice, the world market of sesame oil is thin (with a trade-to-output ratio of about 5%) and so price volatility is high, impacting both farmers and traders .
Livestock and Dairy
Official statistics suggest that the growth in livestock and dairy production has been much faster than for crops. Table 2 shows a marked increase in meat, egg, and milk production from FY1990 to FY2010, with meat increasing 11.5 times to 1.9 million MT in FY2010. Within the meat sector, chicken has grown fastest (accounting for 995,380 MT, or 51.3% of total meat produced in FY2010), followed by pork and beef. Chicken, pork, and beef are the major meats produced in Myanmar. Milk production has also made large gains.
The livestock and fisheries sector contributed 7.4% of GDP in FY2010. Livestock is an integral part of the agricultural economy: cattle (and buffalo) provide draft power and rural transport, dairy cattle provide milk, and other livestock and poultry provide food and income. In 2012, the livestock population comprised 14 million cattle, 3.1 million buffaloes, 4.6 million sheep and goats, 10.3 million pigs, 172 million chickens, 15 million ducks, and 1.9 million other poultry. Estimated per capita consumption of meat is 11.3 kilograms, milk (15.3 kilograms), and eggs (52) per year. 3 Cattle are densely populated in the central dry zone, making up about 50% of the country's total. Livestock production systems are low intensity, being mainly free ranging and scavenging with some supplementary feeding (with the exception of some modern poultry production units).
Disease concerns and periodic outbreaks are a biosecurity issue at farms, in regions, and at borders. Foot and mouth disease is endemic, swine fever is a constant threat to pigs, as is highly pathogenic avian influenza to chicken. Food safety and hygiene at even licensed slaughter houses is not up to the standards of other Southeast Asian countries. As a result, the bulk of livestock production caters almost entirely to the domestic market. The value of animal products exports was $47.1 million in FY2012, a large proportion from hides. This compares to the $641.7 million of fish exports and $2.6 billion of crop exports. 
Fisheries and Aquaculture
Fisheries production is also rapidly expanding. With 486,000 square kilometers (km 2 ) of exclusive economic zones, Myanmar has extensive marine fisheries resources (MOECAF 2010) . Within this lies a continental shelf of 229,000 km 2 that is rich in nutrients and marine life (MOECAF 2010). Total fish production was 4.72 MMT in FY2012. Production is balanced between marine (2.48 MMT) and inland fisheries (2.24 MMT) production. About 8% (or 0.38 MMT) of the country's total fishery production is exported to 29 countries, at a value of $653.8 million (Table 3 ). An estimated 3 million people are directly employed in the sector. In FY2012, per capita fish consumption was 56 kilograms, which is much higher than the 22 kilograms average value for Asia production has risen rapidly for both capture and culture production, with both increasing by more than 120% between FY2003 and FY2012 (MLFRD 2013). 
Trade
Exports have been growing rapidly, particularly official border trade with the PRC and Thailand, as shown in Table 4 . Since 2012, the share of border trade in overall formal exports of agriculture produce has been greater than that of normal overseas trade. This is also the case for rice, maize, sesame, and fisheries products. Furthermore, export prices are also significantly higher for border trade for rice and maize. These trends are expected to continue in view of the increasing connectivity for roads and rail in neighboring countries, especially the PRC and Thailand, from ongoing initiatives linked to the Greater Mekong Subregion and the Association of Southeast Asian Nations.
Myanmar has not been able to exploit the full export potential of its agricultural production. Until the end of the 1960s, it was the world's leading exporter of rice and shared a lead export role with Pakistan and Viet Nam. However, in the time since, the export evolution of the countries has strongly diverged. Whereas the other leading exporters capitalized on their potential through enhanced productivity to dramatically expand exports, Myanmar represents a missed opportunity in comparison (Figure 9 ). 
III. MYANMAR'S AGRICULTURAL POLICY CONTEXT
Myanmar's agriculture sector finds itself at the early stages of an accelerated but only partially completed policy liberalization. Tight state control over agricultural land rights, crop choice, and production decisions, as well as marketing, trading, and pricing, initiated during the socialist period resulted in diminished incentives and poor agricultural performance. This has lingered despite partial liberalization starting with pulse marketing and exports in 1988 and with rice in 2003. Table 5 summarizes the evolution of the policies affecting land rights, crop production, and marketing and trade since independence in 1948. It clearly shows that agricultural policy liberalization began across a broad range of commodities, culminating in the spate of reforms and new legislation since March 2011. It is clear that the institutions supporting agricultural growth have reformed more slowly than the reforms, polices, and new strategies have, with many institutions still retaining staffing and budgeting structures embedded in the old system of state control. This underscores the importance of engaging the private sector in various forms of public-private partnership initiatives. As noted in Box 1, the government recognizes the importance of agriculture to Myanmar's economic development, which is reflected in a number of its reform initiatives in the past decade. The 2011 National Strategy on Poverty Alleviation and Rural Development identified eight priority areas for agriculture and rural development, and the 2012 Framework for Economic and Social Reform identified 10 priority areas, including food security and agricultural growth, while many of the other areas indirectly relate to agriculture and rural development as well. The 2011-2030 National Comprehensive Development Plan laid down three targets for the agriculture sector 4 and five shortterm objectives to achieve them. 5 Similarly, the Ministry of Agriculture and Irrigation has identified a series of policy reforms intended to strengthen the sector, including interventions at various stages of the supply chain, conditioning policies and supportive infrastructure (Box 1). This is clearly an improvement, but many of the measures taken thus far are not sufficient to underpin full, potential long-term growth of agriculture as a driver of economic development.
IV. OPPORTUNITIES FOR ENHANCING AGRICULTURAL DEVELOPMENT
The underperformance of agriculture in Myanmar is both a challenge and immense opportunity, as much of the underperformance has resulted from constraints than can be further addressed with straightforward interventions and reforms. This means that targeted investments in institutions, policies, and infrastructure have enormous potential to lift the sector's performance.
A. Short-Term Quick Wins
In the short-term, there are areas where relatively simple policy reforms and project-type, direct sectoral interventions can reap large rewards. This differs from what Haggblade et al. (2013) call the "short game" in that it includes both technical programs and policy reforms that could be implemented in short time frames with fairly quick payoffs. These areas might be considered short-term development priorities.
Tenure Security
Since 1962, all agricultural land has been the property of the state and farmers have only been issued cultivation rights. The remit of those rights has increased, particularly in recent years as the rights became officially transferrable and eligible for mortgaging in 2011, and cropping choice has been liberalized. Even so, considerable uncertainty regarding tenure remained, as there was no documentation of rights issued. This means that rights can be revoked by the authorities at any time and farmers receive little compensation. Reports of such confiscation have been commonplace (Oberndorf 2012) .
To help address this, the 2012 Farmland Law allows farmers to receive paper certification of land use rights. This is ostensibly an improvement, but there are uncertainties about the implementation process. Clear information on the extent of progress is not publicized, and there is no mechanism for independent legal redress through the judiciary if local adjudication is deemed unfair, which leaves the process at risk of elite capture (Oberndorf 2012) . This could be rectified through 4 The targets are to build competitive agriculture comparable to developed neighboring countries, keep abreast of the level or rural knowledge and technical know-how of neighboring developed countries, and develop rural industrial productivity and social infrastructure similar to those of neighboring countries. 5 These objectives are to accelerate the primary productivity of the agriculture sector; increase the productivity of rural agro-based small and medium-sized enterprises; attract foreign direct investment in the agriculture sector for advanced technology, investment, marketing, and employment opportunities; improve domestic and export market access as well as market information infrastructure; and develop pure research and applied research in the agriculture sector. simple modifications that will greatly enhance the fairness and predictability of tenure designations and enable investments in capital and inputs for better productivity to be made with confidence.
Credit
In the absence of secure tenure, Myanmar has faced vicious cycles that limit agricultural productivity. Without documentation of land use rights, access to capital has remained limited and is a commonly identified constraint to improved production by farmers ( Figure 10) . As a result of limited capital, input use remains constrained as farmers cannot afford the up-front costs of fertilizer and other inputs (this is reflected in the second most identified constraint: fertilizer affordability). Moreover, in the absence of certainty about future ownership, other investments in enhanced productivity, such as boreholes for tube wells, enhanced land leveling and other improvements, are disincentivized. Warehouse receipts, also known as inventory credits or warrants, are means for farmers to access credit whereby the crop itself acts as an asset to provide collateral. In such a system, the crop is stored in a licensed warehouse that issues a negotiable receipt, recognized by law, which proves the commodity is in the warehouse. Such receipts can be taken to a financial institution where they can be used as collateral for a loan. This scheme can help farmers avoid distress sales of crops immediately after harvest, when prices are lowest, and it helps farmers, processors, and traders who may have difficulty in obtaining credit due to lack of collateral.
Experience in other countries has demonstrated the potential merits of warehouse receipt financing. By facilitating sales throughout the year rather than just after harvest, it can smooth prices and increase the market power of farmers. It can also reduce risks in agricultural markets and improve food security. With better inspection and regulation in better licensed warehouses, it may also improve the standards and transparency of storage as well as lower postharvest losses because of better storage conditions.
Warehouse receipt financing can also help facilitate the development of commodity markets, which enhance competition, market information, and international trade. Potentially, it can lead to lower transaction costs by guaranteeing product quantity and quality and providing traceability and improving food safety.
By replicating this financing arrangement-from the raw to the processed forms and at the processor, wholesaler, and exporter levels-warehouse receipt financing offers a means to address the weaknesses of financing along the entire supply chain, while improving farmer incomes.
Appropriate legal, regulatory, and institutional frameworks need to be in place to support this financing system. Equally important are operation support systems including inspection of warehouses, checks on the quantity and quality of stored commodities, guarantees for warehouse performance, and insurance for damages.
Sources: Coulter and Shepherd 1995; Höllinger, Rutten, and Kiriakov 2009. 
Input Market Development
In the absence of sufficient credit for optimal input use, farm demand for quality inputs has remained constrained. This constrained demand, in combination with a lack of supportive regulations, has probably contributed to the underdevelopment of markets for quality inputs. As a result, certified or other high-quality seeds are not widely available, and agronomic practices suffer from suboptimal germination and stand densities. Moreover, a substantial share of chemical inputs is imported, with variable, unregulated, and poorly labeled concentrations and quality. Such problems lead to the vicious cycles depicted in Figure 11 . Fertilizer use in Myanmar remains low, constraining productivity, as indicated by fertilizer availability and cost being identified by nearly half of LIFT (2012) survey respondents as a productivity constraint. Reliable data on fertilizer use remain unavailable, but the most generous approximation available would be based on quantities of fertilizer exported to Myanmar in the UN Comtrade data, which are much higher than Myanmar's reported imports, as well as estimates of domestic production. For nitrogenous fertilizer, the former was 101,300 tons in 2010, while the latter was 5,100 tons, according to official statistics. There have been anecdotal reports of up to 200,000 tons of urea being smuggled in from Bangladesh, where it is subsidized. Assuming these reports are correct, this gives 306 million kilograms, or only approximately 15 kilograms per hectare (about 7.5 kilograms of nitrogen), far lower than in any other neighboring country (Figure 12 ). This is insufficient for productive agriculture or for even replacing nutrient removals during crop harvests. While Myanmar imports most of the fertilizers that it applies, it exports most of its natural gas, which is the key input into fertilizer production. Reallocation of gas to fertilizer production would allow more domestic value addition and help to ensure stable fertilizer supplies for farmers. Myanmar's agriculture has traditionally involved little use of pesticides. However, this has rapidly changed, with massive imports from the PRC and large increases in application rates. Official statistics reflect a 1,000% increase in quantities applied between 2005 and 2010 (CSO 2012). Current pesticide application levels are beginning to approach those of other countries in the region, even though fertilizer levels trail them substantially. At the same time, imported pesticides are poorly documented, barely regulated, and not well understood by the farming population. This is likely to lead to problems of environmental contamination, ecological disruption, and pest destruction in the longterm. More effective pesticide regulation is needed to avoid long-term costs to the sector and to the health of farmers and consumers.
Labor Productivity
Mechanization in Myanmar remains very limited. Only 16% of households use tillers or tractors for land preparation, compared with about 70% of the cultivated area in Viet Nam, and only 15% of households use mechanized threshing, compared with 84% of rice production in Viet Nam (MOAI 2012, Viet 2011). Considering the relatively large size of Myanmar's farms compared to the rest of the region, the mechanization of threshing and land preparation has the potential to alleviate labor constraints and improve labor productivity. Moreover, the current practice for much paddy production is to leave harvested stalks standing on bunds while the subsequent crop is established. This prolonged time in the field after harvesting leads to large losses of the quantity and quality of harvests (Denning, Baroang, and Sandar 2013 small-scale mechanization of tillage and threshing should increase to foster greater productivity and quality of output.
Water Management
Even though Myanmar's water resources are among the largest in the region, availability varies over time and across regions, with about 80% of fresh water flows during the May-October monsoon season and the remaining 20% available during the November-April dry season (WEPA 2012, MSU and MDRI-CESD 2013) . Seasonal water scarcity is particularly challenging in the dry zone and Rakhine state. Although the total area under irrigation doubled between 1980 and 2000, and dam construction continues, the current percentage of irrigated land is only around 20%, with the highest percentage of irrigated land based in the delta (Figure 13) . The overall irrigation proportion may appear respectable compared to some neighboring countries, such as Cambodia and Malaysia, where irrigation coverage is even lower. However, other delta countries with similar water resources to Myanmar, such as Bangladesh and Viet Nam, have far greater irrigation coverage. Hydrological evidence suggests that both deep and shallow freshwater aquifers lie under the Ayeyarwady delta. Thus, there is significant potential to increase irrigated land for cropping during the dry season and in so doing increase cropping intensity and land productivity. The missed potential for irrigation development is reflected in the fact that area under dry season paddy has not increased notably in the past 10-15 years, unlike other countries in the region. Between FY2000 and FY2010, total paddy cropped area increased by 1.71 million hectares, of which 91% was accounted for by monsoon paddy (CSO 2012). However, it is in the dry season, which offers greater solar radiation that high yields can be achieved with appropriate paddy varieties, and it is also in this season in which the greatest yield growth has been fostered in other countries. Relatedly, Myanmar suffers from excessive water in much of the delta zone during the monsoon season. This is principally a problem in paddy areas, where excess water creates problems of "stagnant flooding," which necessitates the use of tall traditional varieties to stand above the water levels. These varieties, however, are low yielding and fertilizer unresponsive, which, in combination with standing water impeding fertilizer application, keeps productivity levels low. For farmers to benefit from the productivity potential of more modern varieties, better drainage control is necessary.
6.
Public-Private Partnerships
Public-private partnerships have developed in recent years, and help to address some of the constraints to credit, input access, innovation, processing, and milling of agricultural output for selected groups of farmers. The Myanmar Rice Federation (MRF), established in 2009 by 44 RSCs facilitated the development of rice supply chains, together with associations for producers, millers, and traders. The RSCs contracted farmers under the oversight of MRF to provide credit, inputs such as seeds and fertilizers, and mechanization services to farmers. They also worked closely with the extension and research staff of the Ministry of Agriculture and Irrigation as well as with ground officers of the Ministry of Commerce to increase productivity along the supply chain, and simultaneously facilitate agribusiness and trade. In 2012-13, the newly formed business arm of MRF took responsibility for managing the country's rice stockpile of up to 100,000 metric tons, with financial support and oversight from the government to stabilize domestic supplies and prices.
Under the guidance of the MRF, significant domestic investments were made in milling and storage facilities. This resulted in the export of higher grade rice to nontraditional markets like Europe, the Middle East, and Japan. Various joint ventures for establishing rice mills and processing complexes are in different stages of finalization in Myanmar, with partners from the European Union, Thailand, the Republic of Korea, and the PRC.
For example, a joint venture between French company Siacom and Myanmar's XY Trading started processing parboiled rice, partly targeted at the European Union market. Similarly, a $100million joint venture company, the Myanmar Japan Rice Industry Company, was formed by Myanmar Agribusiness Public Corporation Limited and Mitsui to establish a series of strategically located, integrated rice-processing complexes for producing, in addition to normal white rice, a range of valueadded, rice-based products such as rice-bran oil, vermicelli, parboiled rice, animal feed, and power generation using rice husks and waste as fuel.
Similarly, rapid growth in aquaculture production has been driven by agribusiness ventures and larger farm enterprises. The average area of pond culture, the principal form of aquaculture, is 6.5 hectares, more than double the average household holding size of 2.6 hectares, and about half of the total pond area is held by companies (MOAI 2013) . This has enabled development of high-value shrimp and prawn and rohu cultivation using the economies of scale that exist with larger farms.
These contract farming arrangements can help to circumvent problems of credit, access to knowledge and inputs, processing, and marketing, but they are only of benefit to a subset of farmers for the foreseeable future-and they carry risks. In the absence of access to fair legal redress and a regulatory framework, potential exists for contract abuse, and to empower business interests rather than farmers. For efficiency and the minimization of transaction costs, contract farming arrangements are likely to most effectively engage larger and wealthier farmers, who are less risk-averse. But in doing so, this may exacerbate inequality.
Agribusiness entities are also expanding vertically down the value chain, and they are rapidly acquiring vast tracts of land, entailing the loss of natural environments and smallholder displacement (Oberndorf 2012) .
In sum, effective agribusiness partnerships have the potential to address constraints, but effective regulation is needed to ensure that this potential is truly harnessed for inclusive growth. They also cannot fully substitute for essential services and public goods that the public sector should provide to underpin inclusive growth.
B.
Setting the Stage for Long-Term Growth
Over the longer term, broader factors that condition agricultural productivity growth will need more attention. Addressing them will require short-term interventions, but the gestation period for the benefits of these investments to be realized will take longer as they address longer term needs, require higher levels of prolonged attention, and are affected by more complicated intersectoral interactions.
Climate Change Adaptation
The most productive agricultural zones of Myanmar's agriculture are in the areas most vulnerable to climate change (Figure 14) . The main paddy producing region is the coastal and delta zone, particularly the Ayerwaddy basin, while the intensive mixed upland crop area is in the central dry zone. The coastal zone experiences regular stagnant flooding, and this risk will rise under climate change as the leading climate projections involve increased rainfall during a shorter and more intense wet season (MOECAF 2010) . At the same time, sea level rise will increase inundation and lead to greater salinity intrusion in coastal areas. Cyclones will exacerbate these effects through associations with flooding, as well as wind damage. In the dry zone, drought risk will rise, particularly as the length of the monsoon shortens. This will be complemented by increased heat stress, as maximum temperatures may rise up to 4°C between 1971-2000 and 2051-2100. The risks from climate change reinforce the need for investment in Myanmar's irrigation and drainage infrastructure. They also suggest that efforts to develop and disseminate varieties tolerant to abiotic stress, increased temperatures, and shorter growing seasons are essential to maintain and expand productive potential. In addition, insurance products are needed to address the risks that increasingly volatile weather will bring, as this market is currently unserved (Chamberlain et al. 2012 ).
2.
Rural Energy and Transport Infrastructure
With only 6 km of road per 100 km 2 of land area, Myanmar's road network is very limited compared with most of Asia (World Bank, World Development Indicators). Coupled with the lowest motor vehicle penetration in Southeast Asia, at just seven vehicles per 1,000 people, this leads to high transport costs and slow travel times. As a result, trucking costs for agricultural output are 3-5 times higher than in other Southeast Asian countries (World Bank 2014). High transport costs depress farm gate prices and are a disincentive to the use of productivity-enhancing production techniques, as well as for the production of valuable perishable products.
Opportunities for value preservation and addition through postharvest processing are often squandered through poor logistics, equipment, and electricity access. Most of the milling equipment for rice dates from the 1930s to the 1960s, and electricity supply is the most commonly reported constraint to milling after equipment age (World Bank 2014). As a result, Myanmar has Asia's lowest milling recovery rates and 75% of the country's mills can only produce low quality rice. Alongside poor varietal segregation, this puts Myanmar's rice exports into low value niches, with 88% of 2012 exports having 25% or more broken grains, and most exports shipped to Africa (World Bank 2014). This is ironic because Myanmar is still a major cultivator of highly value aromatic varieties, which offer the potential for access to premium market segments if only the processing and marketing are done appropriately.
For export markets, logistics and handling costs are often prohibitive. Myanmar is ranked lowest among Southeast Asian countries in the World Bank's Logistics Performance Index (World Bank 2012). Port charges and fees at Yangon are approximately double those of leading ports in India, Thailand, and Viet Nam, and the cost of rice export procedures is 85-170 times higher per ton than in Thailand or Viet Nam (World Bank 2014). Meanwhile, physical capacity for vessels is limited and constrains potential export volumes.
Prolonged trade sanctions coupled with multiple exchange rates have resulted in significant border trade through the years, both legally through border posts and illegally through the porous land borders with Bangladesh, the PRC, India, and Thailand. As noted earlier, rice, maize, green mung beans, sesame, and rubber, as well as fisheries and livestock, have been major items exported via border posts. Other items including soft-shelled crab, eels, mangoes, and watermelons are also increasingly traded into the PRC, mainly through Muse. In fact, since 2012, the total volume of formal border trade has exceeded that of normal exports via maritime exports.
Border trade is expanding and is more efficient than port trade to Myanmar's neighbors given the country's geography . For the expansion of border trade, key facilities for adding value and moderating price volatility such as cold rooms, warehouses, and value-adding facilities should be developed on the Myanmar side, with steps taken to attract Chinese and Thai investment in joint ventures. From a regional development perspective, this will bring broad-based development to border and ethnic areas by facilitating the exports of agricultural produce and other goods from those areas.
Capacity for Innovation
Myanmar has invested little in enhancing future agricultural productivity. By international standards, expenditure on agricultural research is minimal, with far lower expenditure as a proportion of agricultural production value than in neighboring countries or in the rest of the world (Figure 15 ). The extension system has a legacy of enforcement of production quotas and has not been reformed to be responsive to farmers' needs. Agricultural research is one of the highest payoff investments that the public sector can make (Alston et al. 2000) and is thus a potentially easy area for fostering productivity gains. Moreover, development of "climate ready" varieties with tolerance to increasing levels of abiotic stress is a key means to tackle climate change. 
Comprehensive Agricultural Planning
Buttressing productivity, connectivity, and resilience is essential for food security, environmental sustainability, and economic opportunity. Opportunities for improvement exist not only in the production segment for primary commodities, but also along the entire supply chain (Figure 16 ). Considering the linkages of inputs, production, processing, storage, distributive trade to growing demand centers, domestic and abroad (from "seed to shelf" or "farm to fork"), interactions with intermediate suppliers and support services, as well as with foundation providers, is necessary to understand how to comprehensively address the development needs of Myanmar's agriculture sector. This would allow understanding of the support needs of small and medium-sized enterprises operating along the supply chain, such as foundries, mechanization service providers, input suppliers, processors, packers, transporters, and wholesalers. Many supply chain improvements should derive from market forces, with the government acting as enabler. Investments can be encouraged in the economic activities in the upstream (research and development, certified seeds, high-value varieties, farming systems), midstream (processing, highvalue end-uses) and downstream (packaging, food safety, traceability, branding, targeted markets.) These investments will increase productivity all along the supply chain. Mapping weak links of specific supply chains will help to identify priorities for the required investments or interventions, especially in attracting the appropriate strategic foreign direct investment and technical assistance.
To address multiple supply chain constraints, there is a need to coordinate, integrate, and ensure coherence of agriculture and macro policy (macrolevel); getting community development, farm productivity, and livelihood initiatives right (microlevel); and getting regional (state and region) rural (mesolevel) . It is the mesolevel that has often been neglected. To rectify this, it is vital to not only ensure the coordination, integration, and coherence between ministries, but also between the union and respective regions and states.
Successful agricultural development in other countries with comparative advantage in agriculture has come from two complementary processes, specialization and diversification, which are differentiated by scale.
At the level of the individual farm enterprise and local communities, operations become characterized by specialization and economies of agglomeration. The manifestations of this may take different forms. For example, farms may consolidate and aggregate or operations may be increasingly subcontracted, such that the farmer-owner specializes in farm management rather than conduct of farm operations. Often the specialization results in the geographic agglomeration of production, such that transportation, marketing, and transaction costs are reduced.
At wider scales, the specialization is accompanied by diversification to meet increasingly varied consumer dietary demands, such that particular areas change from lower comparative advantage production to areas better fitting comparative advantage and with more value-added. Agricultural planning in Myanmar should take into account both eventualities by identifying what products have comparative advantage and where, as the basis of a comprehensive agricultural development strategy, to address future market demand domestically and in major export markets.
Prior to policy reforms in 2011, Myanmar stipulated that farmers in certain locations must produce paddy. Now that farmers freely determine cropping, diversification is to be expected in those locations that do not have comparative advantage for paddy production. This is to be encouraged.
One pathway for successful rural development in Myanmar's neighboring countries has been for rural households to climb the value ladder from low-value products to high-quality rice, fish, vegetables, fruits, livestock, and other products that create more employment and higher value per hectare. Such successful development efforts have often been coupled with vertical integration along rice and other supply chains, focusing on meeting the demands of particular market segments.
In so doing, a major function of agricultural development is to increase food supplies and lower real food prices, so as to free consumer expenditure for use in other sectors, thereby increasing real incomes and stimulating demand for other products and services. Myanmar has had low domestic prices, particularly for rice, which have benefitted consumers. This is still an essential function, as 70% of household expenditure is on food (CSO 2012). Moreover, maintaining low domestic rice prices has enabled households to keep more diversified consumption patterns than might otherwise be expected, contributing both to nutrition and value addition opportunities. It is essential that an appropriate agricultural development and trade strategy take into account the balance of effects on different consumers, as well as producer groups, as decisions are taken on whether to prioritize productivity improvement for superior versus inferior goods and export versus domestic markets.
V. CONCLUSIONS
For its agriculture sector to effectively backstop a process of economic structural transformation, Myanmar needs to address the key constraints that have impeded agricultural development, and to develop the basic public goods infrastructure to unleash agricultural productivity growth.
A primary and immediate need is to address the main short-term constraints to agricultural development and productivity growth through several steps. First, input markets need to be developed and better regulated for quality seeds, fertilizers, and pesticides. Second, the country's enormous water resource potential should be better utilized through expanded irrigation, and drainage problems in the delta during the wet season should be addressed. Third, land reform can be improved to ensure that title allocation is transparent and fair, and that titles can be used to help solve credit constraints. Fourth, to build the basis for more efficient and effective long-term policies, data collection and statistical processes can be improved. And finally, to complement public sector improvements and circumvent problems of credit and input availability, foreign direct investment and public-private partnerships should be facilitated.
Over the longer term, Myanmar will need to restructure key agricultural support institutions to backstop more complex productivity and value adding opportunities in the context of climate change. To do so, it needs to build the basis of innovation through enhanced investment in research, and extension should be reformed to become an effective service in support of smallholder farmers. Farmer organizations that can facilitate economies of scale in risk pooling, marketing, distribution, and supply chain linkages should be supported. Connectivity and electricity infrastructure need improving in rural areas to facilitate better processing and postharvest value addition. Transaction and transportation costs will need to be reduced to allow Myanmar to become competitive in export markets through enhanced border and port facilities, as well as through streamlined regulation.
Myanmar's agriculture has enormous potential given its abundant resources and excellent market positioning. With the right reforms and targeted investments, the country can look forward to large growth in the sector that can foster dramatic and inclusive development across the economy.
